Introduction. The intrahepatic hepatitis B surface antigens (HBsAg) expression is related to disease progression of chronic hepatitis B. We examined the features of intrahepatic HBsAg expression. Material and methods. A total of 181 patients with e antigen positive chronic hepatitis B were enrolled. Patterns and semi-quantitative measurement of intrahepatic HBsAg expression were analyzed. The association of intrahepatic hepatitis HBsAg expression with clinical, viral, and histological characteristics was evaluated. Results. Higher necroinflammation grade and greater fibrosis stage accompanied with lower serum HBV DNA and HBsAg levels were observed in patients with type II ground glass hepatocytes and 2+/3+ scales of intrahepatic HBsAg expression. Basal core promoter T1762/A1764 mutations were strongly associated with the pattern of type II ground glass hepatocytes expression (P < 0.001) and higher level of HBsAg expression (9.3 ± 8.0% vs. 4.3 ± 5.0%, P = 0.008). In multivariate analysis, basal core promoter mutations (Odds ratio: 6.356, 95% confidence interval: 1.204 ~ 33.356, P = 0.029) was associated with 2+/3+ scale of HBsAg expression. Conclusion. Both pattern and levels of intrahepatic HBsAg expression were associated with severity of liver disease in e antigen positive chronic hepatitis B. Strong relationship between intrahepatic HBsAg expression and basal core promoter 1762/A1764 mutations indicated that HBsAg expression may be the histological manifestation of hepatitis B virus genomic evolution under host immune surveillance.
INTRODUCTION
Hepatitis B virus (HBV) infection is the most common cause of liver cirrhosis and hepatocellular carcinoma in most parts of Asia. 1, 2 The pathogenesis of chronic hepatitis is mediated by the interaction of the host immune reaction and the hepatocytes that present HBV antigens. 3, 4 Earlier studies have demonstrated that the expression of HBV antigens by hepatocytes is importantly related to the stage and activity of chronic liver disease. In the immune tolerance phase, hepatitis B core antigens (HBcAg) are mostly found in the nucleus and correlate with HBV replication while, in the ensuing immune clearance phase, an intrahepatic shift of HBcAg from the nucleus to the cytoplasm occurs and is associated with the histological activities of chronic hepatitis. 5, 6 In cases of intrahepatic hepatitis B surface antigen (HBsAg) expression, three patterns-homogeneous type, type I ground glass hepatocyte (GGH), and type II GGH have been reported. Homogeneous patterns in grouped, discrete, or faint presentations have been observed in patients with high viremia or active hepatitis. Type I GGHs are typically scattered singly in hepatic lobules with inclusion-like dense homogenous expression, whereas type II GGHs express surface antigens at the periphery of hepatocytes, which cluster in groups, and are generally present during the low replication phase and become prevalent from active hepatitis to liver cirrhosis and hepatocellular carcinoma. [7] [8] [9] [10] Hence, both intrahepatic HBcAg and HBsAg expressions are closely linked to the natural course of infection and HBV replication.
Among the phases of chronic hepatitis B, immune-clearance phase or named as HBeAg-positive chronic hepatitis B often occurred in younger population, exhibited less severe histological activities, and harbored fewer rates of precore A1896 mutation and basal core promoter (BCP) T1762/A1764 mutations than HBeAg-negative chronic hepatitis B. [11] [12] [13] [14] The course of chronic hepatitis B is dynamic that resulted from interaction of viral replication and host immune system. Consequently, diversity in clinical features or histological activities is commonly observed in HBeAg positive patients. For example, 34 to 55% of patients exhibit bridging fibrosis or cirrhosis in liver histology, while the remaining patients exhibit mild fibrosis. 15, 16 HBsAg accumulation in hepatocytes has been shown to associate with specific viral mutations and related to disease activities. 8, 9 It is interesting to investigate the characteristics of intrahepatic HBsAg expression in patients with different severity of liver histology.
Viral mutants usually evolved under host immune surveillance pressure. Among naturally occurring HBV mutants, BCP T1762/A1764 mutations became prevalent as disease progression and has been frequently found to be associated with advanced liver disease and hepatocellular carcinoma. 17, 18 Patterns of intrahepatic HBsAg expression also changed during natural course of chronic hepatitis B. The association of BCP T1762/A1764 mutations and the intrahepatic HBsAg expression is still unknown and remained to study.
Therefore, the aim of this study was to evaluate the features of intrahepatic HBsAg expression and analyze the association with liver histology, viral replication markers, and HBV mutants in HBeAg positive chronic hepatitis B.
MATERIAL AND METHODS

Patients
A total of 181 treatment-naïve hepatitis B e antigen (HBeAg) positive patients who met the inclusion criteria were retrospectively enrolled in this study. The inclusion criteria were an age of over 18 years and less than 70 years, positive serum HBsAg for more than 6 months and serum HBV DNA level ≥ 100,000 copies/mL, abnormal serum alanine aminotransferase level, no other explainable etiology of chronic hepatitis, including alcohol, autoimmune hepatitis or markers of hepatitis C virus, hepatitis D virus, or human immunodeficiency virus infection, and the lack of a history of anti-HBV treatment history and specimen of liver biopsy available for histological evaluation. The serum and liver biopsy of all of the patients were sampled before antiviral treatments, and the samples were stored at -70 o C until testing. This study was approved by the Institutional Review Board of National Cheng Kung University Hospital (No: ER-99-398). Informed consent was obtained, according to the Declaration of Helsinki.
HBV virological assays
HBV genotyping was performed by the multiplex polymerase chain reaction, as described elsewhere. 19 Serum HBV DNA level was measured using the CO-BAS Amplicor HBV Monitor test (COBAS-AM assay, Roche Diagnostics, Branchburg, NJ). Serum HBsAg level was quantified by Abbott Architect HBsAg QT (Abbott Diagnostics, Rungis, France) with a dynamic range of 0.05-250.0 IU/mL. Samples with HBsAg levels > 250 IU/mL were retested at dilutions of 1:20 and 1:1000.
Polymerase chain reaction and sequencing of precore and BCP regions HBV DNA was extracted from 50 μL of serum using Blood and Tissue Genomic Mini Kit (VIOGENE, Taipei, Taiwan). First-round PCR was performed under the following conditions: 96 o C for 2 min, 94 o C for 1 min, 54 o C for 1 min, and 72 o C for 2 min with primers 5'-ACCTCTGCACGTAGCATGG (forward) and 3'-GGATTAAAGACAGGTACAGTAGAAG (reverse). Second-round PCR was performed under the same conditions with primers 5'-ATGTCAAC-GACCGACCTTGA (forward) and 3'-TTCCCACCT-TATGAGTCCAAG (reverse). Purified PCR products were then direct sequencing using an automated DNA sequencer ABI 310 and the ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems) with the forward primer that was utilized during in the second-round PCR.
Liver histology
Liver histology was evaluated by a single pathologist who was unaware of the backgrounds of the patients. Necroinflammation and fibrosis were evaluated based on the Knodell necroinflammation grade (ranging from 0 to 18) 20 and the Ishak fibrosis stage (ranging from 0 to 6), 21 respectively.
Immunohistochemical staining was performed as described elsewhere. 22 Briefly, deparaffinized 5 μm-thick sections were incubated with monoclonal mouse anti-HBsAg (Clone 3E7, Dako Corp., Carpinteria,USA) and anti-HBcAg (Novocastra Laboratories, Newcastle, UK) overnight at 4°C. The optimal dilution of anti-HBsAg or anti-HBcAg was determined using liver tissue from HBV carrier as a positive control. The StrAviGen Super Sensitive MultiLink Kit (BioGenex) was used to detect the resulting immune complex. Peroxidase activity was visualized by an aminoethyl carbazole substrate kit (Zymed Laboratory, Inc, San Francisco, CA). Finally, sections were counterstained with hematoxylin. As a negative control, non-immune mouse immunoglobulin was substituted for primary antibody in the incubation. Patterns of HBcAg expression by the nucleus, cytoplasm, or both, were recorded. Patterns of HBsAg expression were classified as homogenous, type I GGH, type II GGH. 22 Homogeneously stained hepatocytes were identified as hepatocytes with moderate to strong homogeneous cytoplasmic staining; type I GGHs were identified as hepatocytes with dense globular or "inclusion-like" staining, and type II GGHs were identified as hepatocytes with surface antigen staining at the cell margins or periphery. 6, 22 Type I GGHs scatter singly or cluster in the hepatic lobules while type II GGHs consistently cluster in nodules. The expression levels of HBcAg and HBsAg were scored semi-quantitatively according to the proportion of immunolabelled cells, on a 0 to 4+ scale, corresponding to positivity in 0, 1-10, 11-25, 25-50% and more than 50% of the examined hepatocytes.
Statistical analyses
Data were expressed as mean ± standard deviation. Continuous variables were compared using the Mann-Whitney U test or Kruskal-Wallis ANOVA for univariate analysis. Categorical variables were analyzed using χ 2 test or Fisher's exact test. Independent factors that were associated with levels of intrahepatic HBsAg expression were carried out using multivariate logistic regression analysis. Data handling and statistical analyses were performed using the SPSS software for Windows, version 17.0 (SPSS Inc., Chicago, IL). Table 1 lists the demographic characteristics of the 181 enrolled patients. Most of the patients were male (69.1%) and 63.0% of them exhibited HBV genotype C. The precore A1896 mutation was detected in 20 patients (11.0%) and the BCP T1762/A1764 mutations was detected in 38 patients (21.0%). Of the 181 patients, positive HBsAg staining was detected in 105 patients (58.0%). Patients with HBsAg staining exhibited significantly higher serum HBsAg (P < 0.001) and HBV DNA levels (P = 0.003), greater prevalence of genotype C (P < 0.0001), lower prevanlence of precore A1896 mutation (P = 0.027), and older age (P = 0.009). ( Figure 1B ) was detected in that of 50 (47.6%), type II GGH ( Figure 1C ) was detected in that of seven (6.7%), and a mixed pattern was detected in that of 14 (13.3%). As indicated in table 2, a higher prevalence of BCP T1762/A1764 mutations was observed in type II GGH (P =0.001) as compared with other patterns. There was a reciprocal relationship between HBsAg expression and serum viral replication markers. In figure 1D shows that patients with type II GGH expression had lower HBV DNA levels and HBsAg titers, but higher intrahepatic HBsAg expression levels ( Figure 1D ). Besides, liver histology displayed type II GGH exhibited significantly more severe liver necroinflammation and fibrosis activities, and a higher level of intrahepatic HBsAg expression ( Figure 1E ). Figure 2A to 2D shows the illustration of semiquantitative measurement of HBsAg expression. There was no patient having scale 4+ of HBsAg expression in this study. Reciprocal relationship between viral replication and liver histology was observed. Patients with 2+/3+ scales of HBsAg expression had lower levels of HBsAg titers and HBV DNA levels, but significantly severe necroinflammation grade and fibrosis stage than patients with 1+ scale of HBsAg expression and negative HBsAg staining ( Figure 2E ). Those patients exhibited Knodell necroinflammation grade ≥ 5 score or Ishake fibrosis stage ≥ 1 had significantly higher percentages of HBsAg expression (Figure 3 ).
RESULTS
Characteristic of enrolled patients
HBsAg expression level
Clinical features of HBsAg expression
Firstly, we examined the association of viral factors and HBcAg/HBsAg expression. HBsAg expression, not HBcAg expression, showed a significant 
DISCUSSIONS
Intrahepatic HBsAg expression is associated with different replicative stages and disease evolution during natural course of chronic hepatitis B. 7, 10, 23 Type I GGH predominantly presented in active hepatitis stage whereas type II GGH mainly in inactive or cirrhosis stage. 8 In this study we demonstrated that type II GGH exhibited to associate with more severe of liver histology, accompanied with significantly lower serum HBV DNA levels and HBsAg titers, and relatively higher levels of intrahepatic HBsAg expression. This reciprocal relationship between liver histology and HBV replication indicated that the occurrence of type II GGH might be a marker of advanced liver disease during disease evolution in HBeAg positive chronic hepatitis B. Patterns of HBsAg expression have been reported to be related with distinct viral mutations that have impacts on regulation of HBV replication and defect of surface antigen secretion from hepatocytes. 9, 24 Type II GGH consistently harbored Pre-S2 deletion mutations that decreased synthesis of middle surface proteins and then resulted in accumulation of large surface proteins in hepatocytes and defect of HBsAg secretion. 25 In this study we performed correlation of serum HBsAg and HBV DNA between patients with or without type II GGH. Moderate correlation between the two HBV replication indicators exhibited in patient without type II GGH (r = 0.686, P < 0.001), but no correlation in patients with type II GGH (P = 0.513). The result indirectly implicated that type II GGH may have defective HBsAg secretion from hepatocytes. In addition, pre-S deletion have been reported to associate with advanced liver disease. Pre-S deletion is one of the viral factors that related to development of liver cirrhosis. 26, 27 Pre-S deletion could lead to ER stress and activate stress-related signal transduction. Oxidative damage of hepatocyte DNA and then stimulated DNA repair mechanisms might result in genomic instability that worsens the liver damage and is predisposed to carcinogenesis. 28 In addition to patterns of HBsAg expression, we found that higher expression levels accompanied with more severe of liver histological activities and higher rate of BCP T1762/A1764 mutations. BCP T1762/A1764 mutations are strongly associated with severe liver histological activities and liver cancer. 29, 30 To our knowledge, there is a strong linkage between genotype C and the presence of BCP T1762/ A1764 mutations. 30 In this study, genotype C seemed to play no role in HBsAg expression level. In contrast, BCP T1762/A1764 mutations showed strongly related with the HBsAg expression. With regard to viral mutation, BCP T1762/A1764 mutations may provide bases for other HBV mutations including pre-S deletion and complex mutants frequently encountered in the presence of BCP T1762/ A1764 mutations. Complex HBV mutants showed partial or complete defects in e, core, and surface protein expression and secretion. 31 The reduced hepatitis B surface antigen secretion correlated with aberrant localization of surface proteins in ER and resulted in high expression of HBsAg. In addition, BCP T1762/A1764 mutation is considered to be a consequence of viral fitness because of selection pressure of the immune surveillance of the host. Similarly, pre-S2 mutations, harbor in type II GGH, coincide with the human leukocyte antigen-restricted T and B-cell epitopes. 32 There is usually no cell necrosis or T lymphocyte infiltration around the type II GGHs, suggesting that HBV with the emergence of the pre-S2 deletion mutation is also a possibly novel escape mutants. 33 However, the accumulation of surface antigen in hepatocytes could happen without carrying any of the known viral mutations in pre-S or S genomes or in surface promoters. 31, 34 Therefore, HBsAg expression could be a sequence in association with or without viral mutations. This study had several potential limitations. The observations in this study were based on a retrospective cross-sectional design, but no longitudinal follow-up was conducted. The expression level of HBsAg in hepatocytes and histological severity may vary among various parts of the liver in a single patient; liver biopsy per se cannot exactly represent any liver tissue except for the biopsy core.
In summary, patients exhibited type II GGH pattern or higher levels of intrahepatic HBsAg expression exhibited the reciprocal relationship between more severe liver histology activities and lower HBV replication capacity. The strong association between intrahepatic HBsAg expression and BCP T1762/A1764 mutations indicated that HBsAg expression possibly could be regarded as the histological manifestation during HBV genomic evolution under host immune pressure.
ABBREVIATIONS
• BCP: basal core promoter.
• GGH: ground glass hepatocyte.
• HBcAg: hepatitis B core antigen.
• HBeAg: hepatitis B e antigen.
• HBsAg: hepatitis B surface antigen.
• HBV: hepatitis B virus.
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